Background: Older people with dementia have increased risk of nursing home (NH) use and higher Medicaid payments. Dementia's impact on acute care use and Medicare payments is less well understood.
must address the growing number of older people with dementia and their greatly increased risk of acute and longterm care. The Affordable Care Act (ACA) has provisions for Accountable Care Organizations (ACOs) and special plans for persons dually eligible for Medicare and Medicaid that are aimed at controlling costs through new financing arrangements. 1 Persons with dementia are singled out in the ACA as a target group at risk for higher health care costs and in need of better care management.
Dementia's impact on nursing home (NH) use is well established: dementia is the strongest independent predictor of institutionalization 2, 3 ; the majority of persons with dementia will utilize nursing facility care before death 4, 5 and persons with dementia have higher nursing facility and total Medicaid payments. 6 Dementia also leads to increased acute care payments including higher Medicare payments for inpatient, outpatient, and other acute care services. [6] [7] [8] [9] Although prior research has reported higher Medicaid or Medicare payments for older people with dementia, the interaction between dementia, long-term care, and acute care utilization has received limited attention. For example, does dementia increase the likelihood of acute care use and payments in both the community and NH settings? Kane and Atherly, 10 in their study of Medicare beneficiaries during the 1990s, found that dementia was associated with 2.4 times higher Medicare Part A (inpatient) payments and 1.3 times higher Part B (outpatient) payments for persons living in the community. In contrast, among persons living in NHs the ratio of payments for persons without dementia were 0.7 for Part A and 0.9 for Part B payments.
Previous studies of dementia and acute and long-term care costs have had methodological limitations. First, incident cases of dementia are often undetected in longitudinal studies when dementia is measured only at baseline or over a limited number of measurement points. 10, 11 Second, prior research has not examined trajectories of NH use. 3, 11 The main outcomes in previous studies have been "ever using a NH" or "time to first NH admission." These studies have not examined patterns of NH use over time, nor have they distinguished between short stays, long stays, or a combination of the 2. Third, few studies have had comprehensive and detailed measures of NH costs from both Medicare and Medicaid. 7 Finally, many studies were carried out decades ago. NHs are increasingly the source of Medicare postacute or rehabilitative care, resulting in more short-term NH stays.
Previous analysis of the cohort in this study revealed a very high rate of transitions back and forth between settings. 12 Persons with dementia had greater Medicare and Medicaid nursing facility use, greater hospital and home health use, and more transitions in care between acute and long-term care settings than those without dementia. The current study focuses on acute and long-term care use and payments. We hypothesized that dementia in combination with heavy NH use would result in substantially higher acute as well as long-term care payments.
Our study objectives were the following. 
METHODS
The Indiana University Purdue University-Indianapolis Institutional Review Board and the Centers for Medicare and Medicaid Services Privacy Board approved this study.
The study cohort consists of 3673 primary care patients who were screened for cognitive impairment at the time of primary care appointments from May 2001 to June 2004. [13] [14] [15] No one in the cohort for the present study had dementia at baseline; persons screening positive or having a dementia diagnosis were excluded. Also, no one resided in a NH at the beginning of the study. Because this screening cohort anchored patients in time as community-based patients receiving primary care from the health care system studied, we were able to link these patients' electronic medical record data with the additional databases described below.
The study site was Wishard Health Services, an urban public health system serving primarily low-income persons in Indianapolis. Wishard Health Services includes a 350-bed hospital and a network of 8 primary care centers in Indianapolis. It has a Senior Care program staffed by faculty in an academic geriatric medicine program which includes services such as an Acute Care for Elders Unit, a physician house calls program, and specialty geriatric ambulatory care services.
We constructed a comprehensive longitudinal dataset for the study cohort measuring their incident dementia, demographics and comorbidities, and long-term and acute care use, and payments over a 5-year period following each patient's index screening. 12 We merged local electronic medical record data 16 with data from 4 additional databases from 2001 to 2008: Medicare claims; Indiana Medicaid claims; NH Minimum Data Set (MDS); and Outcome and Assessment Information Set (OASIS). 17 Although the Wishard Health System is the site where patients were initially enrolled, the Medicare and Medicaid claims capture the patients' utilization for any other provider or hospital. The MDS and OASIS data were used to corroborate NH and home health days in the claims data.
We identified incident cases of dementia based on International Classification of Disease codes 290.0-290.43, 291.2, 294.0-294.9, 331.0-331.9, 333.0, and 797, consistent with our prior study. 18 The onset date for dementia was defined by the first appearance of the code after enrollment in any of the linked datasets. Prior research relying on Medicaid claims had 84% specificity and 69% sensitivity in detecting incident dementia. 18 We likely improved accuracy by identifying International Classification of Disease code diagnoses from Medicaid, Medicare, MDS, OASIS, and local electronic medical record sources.
We used latent class growth curve analysis (LCGA) to model change over time in incident dementia and short and long NH stays. LCGA is a person-centered approach that identifies classes of individuals that are homogenous with respect to outcomes. 19, 20 From a statistical standpoint the classes are assumed to represent different subpopulations having distinct growth patterns and outcome distributions. The overall pattern of outcomes observed in the data is assumed to be a mixture of distinct distributions. Mixture models have been applied to functional status, mental status, and health status trajectories of older persons. [21] [22] [23] Our LCGA model focused on 3 binary outcomes modeled jointly: incident dementia, short NH stays, and long NH stays in each year over the 5-year period. Short NH stays were <90 days and long stays were Z90 days, beyond 90 days individuals are likely to remain in the NH permanently. 24 Growth factors were estimated separately for incident dementia and short-term and long-term stays; however, the 3 processes were included in the model simultaneously. Each growth process was characterized with linear and quadratic terms to measure curvilinear change over time. A categorical latent class variable captured the different classes of patients having similar trajectories drawing on the outcomes of dementia status, short-term and long-term NH use. We began by specifying a single class model and then expanded the model with additional classes. We evaluated model fit with Bayesian Information Criteria, 25, 26 Lo-Mendel Rubin test of k versus k-1 classes, 27 entropy, and overall model interpretability and parsimony. 28 Analysis was performed with MPlus software. 29 Second, we compared individuals having different trajectories according to their characteristics such as age, sex, race, Medicaid coverage, chronic disease comorbidities, and mortality, and their average annual Medicare and Medicaid payments for acute and long-term care services.
Finally, in order to determine the incremental increase in payments associated with different trajectories, we performed a multiple ordinary least squares regression analysis, in which Medicare and total health care payments were regressed on trajectory coded as a dummy variable, while controlling for comorbidities and other covariates. Because payments were right skewed, we normalized the distribution by taking the natural log.
RESULTS
Characteristics of the 3673 individuals in the study cohort are presented in the first column of Table 1 . The majority of the cohort was female and African American, with an average age of 71. One third was dually eligible at baseline, with 55% being Medicaid enrolled during the 5 years. These older adults suffer from a high prevalence of chronic conditions, and about one fourth had died during the study. Dementia incidence was 5.5% in year 1 and by year 5 the cumulative incidence was 20.9%. Table 1 also presents information on use and payments for care. The overall sample averaged only 2.55 days of short or 5.69 days longterm NH care per year. The majority of their annual payments were for Medicare inpatient and outpatient acute care.
Figures are based on individuals alive each year.
The LCGA analysis yielded 3 classes of NH trajectories: (a) TR1-low rate of dementia and little or no NH use (79.0% of the sample); (b) TR2-high rate of incident dementia with little or no NH use (15.6%); and (c) TR3-high rate of incident dementia with heavy NH use (5.4%), both short and long stays. The 2-and 3-class solutions exhibited the best entropy (2-class = 0.946, 3-class = 0.946, 4-class = 0.919, and 5-class = 0.943). The Lo-Mendel Rubin test indicated that a 4-class solution might fit the best (P-values for an additional class were: 2-class <0.0001, 3-class = 0.0001, 4-class <0.0001, 5-class = 0.1580). Bayesian Information Criteria did not reach a minimum for the 5 fitted models (1class = 24,004; 2-class = 16,764; 3-class = 15,648; 4-class = 15,135; and 5-class = 14,785), but largest drop occurred with the 3-class model. The 3-class model had good fit overall and was the most parsimonious and readily interpretable. Figure 1 shows the growth curves over the 5-year period for the 3 trajectories in their incidence of dementia and long-stay and short-stay NH use. On an annual basis, individuals with the TR3 trajectory had a high probability of dementia (30%-80%), and they had a high probability of a long (14%-83%) or short (31%-42%) NH stay. Individuals in TR2 also had a very high probability of dementia (25%-100%), but they had a low probability of a long (0%-2%) or short (3%-14%) NH stay. Individuals in TR1 had a very low probability of dementia (0%-5%) combined with minimal probability of a long (< 1%) or short (2%-4%) NH stay.
The TR3 probability of long NH stays increases steadily over the 5-year period coinciding with rapidly increasing probability of dementia (Fig. 1 ). The arc in short-stay NH use for TR3 is likely a consequence of their increasing long-stay NH use. Once they begin a long stay, NH residents are less likely to have a subsequent short stay. By year 3, the probability of persons in TR3 with a long stay is quite high, reducing the likelihood of a short stay. Table 1 , columns 2-4 describes comorbid conditions and other characteristics for the 3 trajectories: low-incident dementia and little/no NH use (TR1); high-incident dementia and little/no NH use (TR2); and high-incident dementia and heavy NH use (TR3). Compared to TR1, TR2 individuals were more likely to be older and dually eligible, to have coronary artery disease, congestive heart failure, chronic obstructive pulmonary disease (COPD), diabetes, or stroke, and to have died during the 5 years. When compared to TR2, TR3 individuals were even older, and more likely to be dually eligible, to have each of the comorbid conditions, and to have died during the 5 years. Also, when compared to the other 2 trajectories, individuals with TR3 were less likely to be African American or to have a cancer diagnosis. In a logistic regression analysis (Table 2) , we identified significant independent predictors of an individual having a TR3 trajectory as opposed to a T2 trajectory (TR3 = 1/TR2 = 0). The model results were consistent with the bivariate relationships. The likelihood of having a heavy NH trajectory (TR3) was significantly greater for individuals who were dual eligible in year 1, had a diagnosis of CHF, COPD, or diabetes, and died during the 5-year period. African Americans and individuals with cancer were less likely to have a TR3 trajectory. The C-statistic was a modest 0.709.
The trajectories differed according to utilization and payments ( Table 1 ). The TR3 trajectory, with high-incidence dementia and heavy NH use, had significantly higher use of all forms of care compared to TR2, and TR2 had significantly higher use than TR1. Individuals with TR3 had predictably more short-term and long-term NH days and higher NH payments from both Medicaid and Medicare compared to the TR1 and TR2 trajectories. Individuals with the TR3 trajectory had substantially higher Medicare payments for inpatient hospital stays. They averaged $20,757/year compared to $7888/approximately for persons with high-incident dementia but low/no NH use (TR2) and $3843 for persons with minimal dementia incidence and no/low NH use (TR1 The entire cohort averaged $45.0 Million in total Medicare and Medicaid payments per year. The dementia and heavy NH use trajectory (5% of the cohort) accounted for $11.1 million or 25% of the total; the dementia and little/ no NH use trajectory (16% of the cohort) accounted for $9.3 million or 21% of the total; and the low dementia and little/ no NH use trajectory (79% of the cohort) accounted for $24.6 million or 55% of the total.
Finally, we tested 2 regression equations where the log of total Medicare and the log of total payments were regressed on the 2 high-dementia trajectories of TR2 and TR3 (TR1 serving as the reference category) and covariates. These regression models allowed us to estimate the incremental payment effects of the TR3 and TR2 trajectories when controlling for other factors that could contribute to higher payments. TR3 and TR2 trajectories were highly significant and positively related to the log of Medicare (Table 3 ) and the log of total annual payments (Table 4 ). Nearly all of the covariates were also statistically significant. Higher payments were associated with being female or dually eligible, having a diagnosis of arthritis, cancer, coronary artery disease, heart failure, stroke, COPD, diabetes, hypertension, liver disease, or kidney disease, and dying during the 5-year period. The R-square for the Medicare payment model was 0.481 and for the total payment model was 0.505. We took the exponent of the coefficients for the trajectory variables to estimate the percentage difference in adjusted payments between trajectories. Compared to the TR1 trajectory, TR2 had 53% greater Medicare payments and 193% greater total payments; TR3 had 56% greater Medicare and 364% greater total payments.
DISCUSSION
Dementia had a very strong and pervasive impact on annual payments from both Medicare and Medicaid for short-stay and long-stay NH stays, acute care hospitalizations, and other long-term and acute care services. Its impact was heightened when combined with NH use. Dementia combined with heavy NH use resulted in 2.5 times greater Medicare and 12.6 times greater Medicaid annual payments compared to a trajectory of dementia with little of no NH use. And, dementia with heavy NH use resulted in 4.8 times greater Medicare and 21.5 times greater Medicaid annual payments compared to a trajectory of low-incident dementia and little of no NH use. When taking comorbid conditions and other covariates into account, high-incident dementia with little or no NH use resulted in total adjusted annual payments 193% greater than a trajectory with lowincident dementia and little/no NH use. The percentage difference in adjusted payments for high-incident dementia with heavy NH use was even more striking; this trajectory had 364% greater adjusted total payments than for low dementia and little or no NH use trajectory.
When compared to other trajectories, persons with dementia and heavy NH use were more likely to be white, to be dually eligible, to have chronic disease diagnoses, and to die during the 5-year period. Among individuals with incident dementia, comorbidities in combination with system factors (dual eligibility) and other factors (race) played a significant role in determining heavy NH use. Unmeasured system and social factors may very well have been further predictive of NH use and payments.
Our study has limitations. First, we did not have a functional measure of cognitive impairment that would allow us to assess dementia severity or stage. A person would be more likely to receive a formal dementia diagnosis after the disease had progressed, symptoms became more pronounced and they began using care. Second, we were not able to capture the private costs of dementia care, for example, out-of-pocket expenses and family care giving that can be substantial and would tend to be concentrated among persons with dementia in community settings. 30 With this low-income population, the primary private costs would probably be in the form of family care giving. Findings from the study offer insights for the health care reform initiatives of the ACA. 1 The study population, dual eligible, and other low-income older persons receiving care in an urban health system, is an important target for projected Medicare and Medicaid cost savings because they are such heavy users of both acute and long-term care. The ACA encourages states to experiment with special needs plans or other models of integrated Medicaid and Medicare financing for the dually eligible. 31 ACOs, another ACA initiative, are meant to incentivize provider groups to deliver better quality care at a lower cost through global budgeting and shared Medicare savings. 32, 33 ACOs must enroll patients without regard to their health or cognitive status, or their history of acute or long-term care use. If they are to be financially viable, the ACOs and other reform initiatives must have a realistic understanding of their capacity to control costs, particularly if they experience adverse selection. 34, 35 They need to assemble data and analyze their patient populations. 36 The ACOs are likely to experience wide variation both within and between provider organizations in episodes of care and costs. 37 Because ACOs and some special need plans will be at financial risk only for Medicare expenses, the states should guard against cost shifting by carefully monitoring Medicaid expenses for dual eligibles enrolled in these plans. Individuals with no payments were excluded from the model, R 2 = .51. TR1: low rate of dementia and little or no NH use; TR2: high rate of incident dementia with little or no NH use; and TR3: high rate of incident dementia with heavy NH use, both short and long stays.
NH indicates nursing home.
We have shown in an earlier analysis that dementia patients' acute and long-term care use is highly dynamic with multiple transitions between settings. 12 Health systems and providers, if they are to deliver better care and control costs, will have to develop strategies to effectively manage services for dementia patients, particularly those patients who are at risk of becoming heavy users of NH care. These strategies should prevent patients with dementia from moving from low or no NH use to heavy NH use trajectories and thereby should decrease Medicaid costs. They should target heavy NH users (dementia and no dementia) for interventions to decrease hospital admissions and Medicare costs. They should target community dwelling patients with dementia for interventions aimed at decreasing hospital admissions and Medicare costs.
The ACOs and related medical/health care homes place a great deal of emphasis on primary care for better management of medically complex patients. 38 Geriatricians and other primary care providers could play a critical role in the coordination of care for dementia patients. The ACA's provision for cognitive screening of Medicare patients should alert medical providers to patients who are in the early stages of dementia. Collaborative care models based in primary care have been successful in improving care outcomes for dementia patients and other vulnerable elders without increasing health care costs. 14, 39 Once a patient with dementia is at risk for NH care, whether short or long term, the patient will need care management focused on both medical and social factors, across acute and long-term care. Interventions aimed at managing behavioral problems and shoring up family and other social resources are likely to be most effective. 14 Social factors not measured in our study but likely to be critical to care and cost outcomes include poverty, resources for self-management, transportation, availability and skills of the family caregiver, and other community resources.
